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Summary
Background.  —  In  recent  decades,  advances  in  surgery  and  therapeutic  catheterization  have
steadily increased the  life expectancy and  prevalence of  adults with congenital heart disease (CHD).
Aims. —  We  assessed  medical  and  psychosocial  variables  of  adults  with  CHD,  according  to  the
disease  complexity.
Abbreviations: CHD, congenital heart disease; CHD, congenital heart disease; CI, conﬁdence interval; IQR, interquartile range; NYHA,
New York Heart Association; WHO, World Health Organization.
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Methods.  —  We  included,  from  a  single-centre  observational  cohort  study,  135  consecutive
adults with  CHD  (median  age  of  40  years,  interquartile  range:  28.0—51.0)  followed  in  our  cardi-
ology unit,  who  answered  a  questionnaire  assessing  daily  activity  and  psychosocial  functioning.
Disease complexity  was  classiﬁed  according  to  the  Bethesda  conference.
Results.  —  Cardiac  malformation  complexity  was  simple  in  61  (45.2%),  moderate  in  50  (37.0%)
and complex  in  24  (17.8%)  patients.  Cardiac  surgery  had  been  performed  in  86.5%  of  moderate
and complex  patients.  Complications  (such  as  heart  failure,  arrhythmia  and  pulmonary  hyper-
tension)  were  mainly  observed  in  the  complex  group  (P  =  0.003).  Physical  activity  was  lower  in
the complex  group  (no  activity  in  58.8%,  but  sport  previously  contraindicated  in  50%  of  these;
P =  0.03).  Education  level  tended  to  be  lower  in  the  complex  and  moderate  groups  than  in  the
simple group  (respectively,  31.2%  and  33.3%  vs.  45.7%  had  passed  the  Baccalaureate;  P  =  0.47).
The pass  rate  was  lower  in  patients  with  complications  (P  =  0.037)  or  more  than  one  cardiac
surgery (P  =  0.03).  In  the  complex  group,  56.3%  of  patients  were  unemployed  (P  =  0.048).
Conclusions.  —  Complexity  of  heart  disease  and  medical  history  affect  education  level  and
employment  of  adults  with  CHD.  Academic  education  of  children  with  a  complex  defect  and
career counselling  are  important  to  prevent  unemployment  among  adults  with  CHD.
© 2015  Elsevier  Masson  SAS.  All  rights  reserved.
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Résumé
Contexte.  —  Grâce  aux  progrès  médico-chirurgicaux  ces  dernières  décennies,  l’espérance  de
vie et  la  prévalence  des  adultes  ayant  une  cardiopathie  congénitale  (ACC)  ont  constamment
augmenté.
Objectif. —  Nous  avons  évalué  les  paramètres  médicaux  et  psychosociaux  des  ACC  selon  la
complexité  de  la  cardiopathie.
Méthodes.  —  Nous  avons  inclus  consécutivement  à  partir  d’une  cohorte  observationnelle  mono-
centrique, 135  ACC  (40  ±  12  ans)  qui  ont  répondu  à  un  questionnaire  évaluant  les  aspects
psychosociaux  et  de  la  vie  quotidienne.  La  complexité  de  la  cardiopathie  était  classée  selon  la
conférence  de  Bethesda.
Résultats.  — La  complexité  de  la  cardiopathie  était  simple  pour  61  patients  (45,2  %),  mod-
érée pour  50  (37,0  %)  et  complexe  pour  24  (17,8  %).  Une  chirurgie  cardiaque  a  été  effectuée
pour 86,5  %  des  patients  ayant  une  cardiopathie  complexe  ou  modérée.  Les  complications
(insufﬁsance  cardiaque  [n  =  15/24],  arythmie  [n  =  14/24],  hypertension  pulmonaire  [n  =  6/24])
ont été  principalement  observées  dans  le  groupe  complexe  (p  =  0,002).  L’activité  physique  était
moins importante  dans  le  groupe  complexe  (p  =  0,03,  et  aucune  activité  pour  58,8  %  mais  33  %
avaient été  contre  indiqués).  Les  patients  des  groupes  complexe  et  modéré  ont  tendance  à  avoir
un niveau  d’étude  inférieur  aux  patients  du  groupe  simple  (respectivement  31,2  %,  33,3  %
versus 45,7  %  ont  le  Baccalauréat  ;  p  =  0,47).  L’obtention  du  Baccalauréat  était  plus  faible
pour les  patients  ayant  au  moins  une  complication  (p  =  0,038)  et  plus  d’une  chirurgie  cardiaque
(p =  0,03).  Dans  le  groupe  complexe,  56,3  %  des  patients  étaient  au  chômage  (p  =  0,048).
Conclusion.  —  La  complexité  de  la  cardiopathie  et  l’histoire  médicale  des  patients  impactent
le niveau  d’éducation  et  taux  d’emploi  des  ACC.  La  scolarité  de  ces  enfants  et  l’orientation
professionnelle  sont  importantes  pour  prévenir  le  chômage.
© 2015  Elsevier  Masson  SAS.  Tous  droits  réservés.
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mproved  imaging,  catheterization,  medical  therapy  and
urgical  techniques  in  recent  decades  have  led  to  the
ncreased  survival  of  children  with  congenital  heart  dis-
ases  (CHDs).  Around  90%  of  children  with  CHD  now  reach
dulthood  [1].  By  2010,  adults  accounted  for  66%  of  the
ntire  CHD  population  [2];  many  of  them  require  further
edical  care  and  surgery  or  catheterization  [3]  during
T
p
[dulthood  to  treat  residual  lesions  or  complications,  such
s  heart  failure,  arrhythmia  or  pulmonary  hypertension
4,5].  Dedicated  attention  is  also  required  to  deal  with
aily  life  issues  [6]. However,  loss  of  follow-up  of  adults
ith  CHD  is  a  critical  issue,  and  occurs  particularly  at
he  time  of  transition  from  paediatric  to  adult  care  [7].
hus  programmes  for  education  and  for  the  transition  from
aediatric  to  adult  medical  care  have  been  recommended
8].
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rSocial  development  of  adults  with  congenital  heart  disease  
The  World  Health  Organization  (WHO)  deﬁned  health  as
‘a  state  of  complete  physical,  mental  and  social  wellbeing,
and  not  merely  the  absence  of  disease  or  inﬁrmity’.  Thus,  it
is  important  to  address  not  only  physical  health,  but  also
emotional  and  social  functioning,  together  with  occupa-
tional  performance.
Sociodemographic  factors,  such  as  educational  level  or
employment  status,  inﬂuence  quality  of  life  in  healthy  peo-
ple  as  well  as  in  chronically  ill  individuals  [9,10].  Little  is
known  about  the  rate  of  psychosocial  issues  in  adults  with
CHD  in  France.
The  French  Health  Ministry  encourages  educational  pro-
grammes  at  transition  for  adolescents  with  chronic  disease
[11].  We  aimed  to  evaluate  how  heart  disease  inﬂuences
schooling  and  employment  in  CHD  patients,  to  help  to
address  career  issues  in  the  transition  programme.
Methods
Population
We  prospectively  included  135  consecutive  adults  with  CHD
(age  ≥  18  years)  who  were  followed  in  the  University  Hospi-
tal  of  Toulouse  between  January  2013  and  December  2013.
Patients  were  included  during  consultations  for  the  regu-
lar  follow-up  of  CHD  or  during  hospitalization.  Patients  with
asymptomatic  bicuspid  aortic  valve,  mitral  valve  prolapse,
Marfan  syndrome,  cardiomyopathy  or  congenital  arrhythmia
were  not  included.
The  examination  started  with  the  provision  of  oral
and  written  information  about  the  aim  of  the  study,  and
informed  consent  was  signed.  The  medical  examination
lasted  30  minutes,  including  the  completion  of  a  question-
naire  and  a  physical  examination.  The  study  was  performed
in  accordance  with  the  principles  set  out  in  the  Declaration
of  Helsinki  and  was  declared  to  the  National  commission  for
data  processing  and  freedoms  (No.  1673455v0).
From  medical  records  and  clinical  interviews,  we  col-
lected  demographic  data  as  well  as  data  on  medical  and
surgical  history.  Baseline  characteristics  included  demo-
graphics  (age,  sex)  and  medical  history.  The  complexity  of
CHD  was  classiﬁed  as  simple,  moderate  or  complex,  accord-
ing  to  the  Bethesda  conference  criteria  [5].
Daily  life  symptomatic  status  was  assessed  according
to  the  New  York  Heart  Association  (NYHA)  classiﬁcation.
Complications  during  adulthood  were  recorded  and  deﬁned
by  history  of  arrhythmias,  heart  failure,  pulmonary  hyper-
tension,  endocarditis,  sudden  death  and  stroke.  Arrhythmia
was  deﬁned  as  any  type  of  ventricular  or  supraventricular
arrhythmia  or  bradycardia  requiring  therapy.  Heart  failure
was  deﬁned  as  the  need  for  speciﬁc  medication  or  systemic
ventricular  dysfunction  with  symptoms  and/or  elevated
brain  natriuretic  peptide  [12].  Pulmonary  hypertension
was  diagnosed  according  to  the  ﬁfth  World  Symposium
on  Pulmonary  Hypertension  [13].  Stroke  included  transient
ischaemic  attack,  and  was  diagnosed  by  neurological  exam-
ination  combined  with  neurological  imaging.  Endocarditis
was  diagnosed  according  to  the  modiﬁed  Duke  criteria  [14].
To  assess  the  burden  of  hospitalization  for  the  study  popula-
tion,  we  collected  all  hospitalization  indications  during  the
year  2013.
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ociodemographic indicators
he  assessment  of  sociodemographic  factors  was  performed
sing  a  self-administered  questionnaire  in  French,  devel-
ped  by  the  investigators  and  delivered  to  the  patient  during
onsultation  or  hospitalization.
We  recorded  medical  follow-up,  education  level,  employ-
ent  and  physical  activity.  To  assess  education  level,  the
umber  of  patients  with  the  ‘Baccalaureate’  (French  aca-
emic  qualiﬁcation  at  the  end  of  secondary  education,
orresponding  to  British  A  level)  was  noted,  as  well  as
he  number  of  years  of  postgraduate  schooling.  Patients
eclared  employment  and  the  part-time  or  full-time  char-
cter  of  their  job.  Physical  activity  was  investigated
ia  a  standardized  validated  questionnaire  (WHO-MONICA
ptional  Study  of  Physical  Activity  Questionnaire)  [15],  and
as  categorized  into  four  levels:  no  physical  activity;  mild
hysical  activity  (20  minutes  no  more  than  once  a week);
oderate  physical  activity  (20  minutes  once  or  twice  a
eek);  and  intense  physical  activity  (20  minutes,  at  least
hree  times  a  week).  Lifestyle  habits  were  collected,  includ-
ng  alcohol  consumption,  smoking  and  drug  addiction.  The
resence  of  tattoos  and  piercing,  including  ear  piercing,  was
oted.
According  to  the  WHO,  alcohol  consumption  was  deﬁned
s  a patient  drinking  one  glass  of  alcohol  less  frequently  than
very  day  (low-risk  consumption).  Alcoholism  was  deﬁned  as
 patient  drinking  every  day  (high-risk  consumption).
tatistical analysis
tatistical  analysis  was  performed  using  Stata® soft-
are,  version  11.2  (StataCorp,  College  Station,  TX,  USA).
uantitative  measurements  are  expressed  as  medians
interquartile  ranges  [IQRs]).  Qualitative  data  are  expressed
s  counts  and  percentages.  The  distribution  of  quantitative
ariables  was  assessed  using  the  Shapiro-Wilk  test.  A  com-
arative  analysis  of  variables  among  patients  classiﬁed  as
aving  simple,  moderate  or  complex  disease  was  performed.
atients  with  genetic  syndrome  and  mental  disability  were
xcluded  from  analysis  related  to  socioprofessional  status.
o  compare  categorical  data,  the  2 test  was  used  or  a  non-
arametric  Fisher’s  exact  test  when  prerequisites  for  the  2
est  were  not  met.  A  non-parametric  median  test  was  used
o  compare  quantitative  data  between  the  three  groups.  The
ann-Whitney  test  was  used  to  compare  quantitative  data
ithin  two  groups.  A  P  value  <  0.05  was  considered  statisti-
ally  signiﬁcant.
esults
tudy population
ata  on  demographics  and  medical  history  are  reported  in
able  1. The  study  included  135  patients  with  a  median  age
f  40  years  (IQR:  28.0—51.0).  The  distribution  of  CHD  type  is
eported  in  Fig.  1. The  study  population  involved  61  (45.2%)
atients  with  simple  CHD,  50  (37.0%)  with  moderate  CHD
nd  24  (17.8%)  with  complex  CHD.  Atrial  septal  defect  was
he  most  frequent  CHD  (n  =  49;  47  ostium  secundum  and  two
inus  venosus).  Of  the  nine  patients  with  genetic  syndrome,
592  C.  Karsenty  et  al.
Table  1  Demographics  and  medical  history.
All  patients
(n =  135)
Simple  CHD
(n  =  61;  45.2%)
Moderate  CHD
(n =  50;  37.0%)
Complex  CHD
(n  =  24;  17.8%)
P
Age  (years)  40.0  (28.0—51.0)  45.0  (33.0—59.0)  35.5  (25.0—45.0)  35.5  (23.0—41.5)  0.006a
Men  52  (38.5)  21  (34.4)  18  (36.0)  13  (54.2)  0.22
Diagnosis  during  childhood  88  (65.2)  22  (36.1)  44  (88.0)  22  (91.7)  <  0.001b
Genetic  syndrome  9  (6.7)  4  (6.6)  5  (10.0)  0  (0.0)  0.35b
Hospitalization  70  (51.8)  33  (54.1)  22  (44.0)  15  (62.5)  0.29
Catheterization  43  (31.9)  25  (41.0)  11  (22.0)  7  (29.2)  0.10
Electrophysiology  11  (8.1)  1  (1.7)  4  (8.0)  6  (25.0)  0.002b
Cardiac  surgery  11  (8.1)  2  (3.3)  7  (14.0)  2  (8.3)  0.106b
History  of  cardiac  surgery  76  (56.3)  12  (19.6)  44  (88.0)  20  (83.3)  <  0.001b
One  surgery  49  (36.3)  11  (18.0)  27  (54.0)  11  (45.8)
Two  surgeries  15  (11.1)  1  (1.6)  10  (20.0)  4  (16.7)
Three  surgeries  10  (7.4)  0  (0.0)  7  (14.0)  3  (12.5)
Four  surgeries  2  (1.5)  0  (0.0)  0  (0.0)  2  (8.3)
History  of  electrophysiology
intervention
16  (11.9)  6  (9.8)  4  (8.0)  6  (25.0)  0.12b
Prosthetic  valve  9  (6.7)  1  (1.6)  6  (12.0)  2  (8.3)  0.06b
Emergency  admission  10  (7.4)  0  (0.0)  3  (6.0)  7  (29.2)  <  0.001b
Data are expressed as median (interquartile range) or number (%). CHD: congenital heart disease.
a Median test.
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hree  had  Down  syndrome,  two  had  Williams  syndrome  and
KX2.5  syndrome,  and  one  had  Noonan  syndrome  and  Di-
eorge  syndrome.
Patients  with  complex  CHD  were  younger  (P  =  0.006).
iagnosis  of  the  CHD  was  made  during  childhood  in  65.2%  of
igure 1. Distribution of congenital heart disease in the study
opulation (n = 135). AS: aortic stenosis; ASD: atrial septal defect;
VSD: atrioventricular septal defect; CoA: aortic coarctation;
ther: other defects (n = 7); PDA: patent ductus arteriosus; PS:
ulmonary stenosis; TGA: transposition of the great arteries and
ongenitally corrected transposition of the great arteries; TOF:
etralogy of Fallot; VSD: ventricular septal defect; UH: univentri-
ular heart.
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patients.  Moderate  and  complex  CHD  were  mainly  diagnosed
uring  childhood  (P  <  0.001).
omplications and co-morbidities
omplication  rates  for  the  whole  population  and  accord-
ng  to  the  complexity  of  CHD  are  reported  in  Table  2.  The
omplication  rate  increased  with  the  complexity  of  the  CHD.
t  least  one  complication  was  observed  in  88%  (95%  conﬁ-
ence  interval  [CI]:  67.6—97.3%)  of  complex  patients  versus
9.5%  (95%  CI:  39.9—59.2%)  for  other  patients  (P  =  0.003).
hen  the  CHD  was  diagnosed  during  childhood,  54.5%  of
atients  (95%  CI:  43.6—65.2%)  had  at  least  one  complica-
ion  and  86.4%  (95%  CI:  65.1—97.1%)  had  complex  CHD.  No
atient  had  a  history  of  resuscitated  sudden  death  (95%  CI:
.0—2.7%).
Five  patients  were  taking  antidiabetic  drugs;  two  of
hese  patients  were  on  insulin  therapy.  The  glomerular
ltration  rate  was  lower  in  complex  patients  (P  =  0.045).
hree  patients,  not  dialyzed,  had  a  glomerular  ﬁltration
ate  <  50  mL/min/m2;  these  patients  were  all  in  the  com-
lex  group  and  none  had  completed  the  Baccalaureate  or
ere  in  active  employment.
unctional status
ifty-ﬁve  patients  (33.3%,  95%  CI:  25.4—41.9)  were  clas-
iﬁed  as  having  an  NYHA  functional  class  of  II or  more.
mong  complex  patients,  38.1%  (95%  CI:  18.1—61.6)  were
lassiﬁed  as  having  an  NYHA  functional  class  of  III  or  IV.
omplex  patients  had  a  higher  NYHA  functional  status
P  <  0.001).  An  NYHA  functional  class  of  I  was  seen  in  33.3%  of
omplex  patients  (95%  CI:  14.6—57.0)  versus  71.6%  of  other
atients  (95%  CI:  62.1—79.8;  P  <  0.001).  NYHA  functional
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Table  2  Congenital  heart  disease-related  complications  and  therapeutics.
All  patients
(n =  135)
Simple  CHD
(n  =  61)
Moderate  CHD
(n =  50)
Complex  CHD
(n  =  24)
P
Complications  76  (56.3)  31  (50.8)  24  (48.0)  21  (88.0)  0.003
Supraventricular  arrhythmia  39  (28.9)  16  (26.3)  9  (18.0)  14  (58.3)  0.001
Heart  failure  37  (27.4)  8  (13.1)  14  (28.0)  15  (62.5)  <  0.001
Pulmonary  hypertension  17  (12.6)  10  (16.4)  1  (2.0)  6  (25.0)  0.004
Stroke  21  (15.6) 11  (18.0) 4  (8.0)  6  (25.0)  0.11
Ventricular  arrhythmia 8  (5.9) 1  (1.6) 4  (8.0) 3  (12.5)  0.09
Endocarditis  4  (2.9) 0  (0.0) 3  (6.0) 1  (4.2) 0.10
Pacemaker  9  (6.7)  1  (1.6)  6  (12.0)  2  (8.3)  0.07
Deﬁbrillator  7  (5.2)  1  (1.6)  4  (8.0)  2  (8.3)  0.18
Psychological  follow-up  10  (7.5)  3  (4.9)  6  (12.0)  1  (4.2)  0.38
Treatment
Diuretics  24  (17.8)  12  (19.7)  6  (12.0)  6  (25.0)  0.28
Beta-blockers  28  (20.7)  11  (18.0)  12  (24.0)  5  (20.9)  0.74
Other  antiarrhythmics  14  (10.4)  5  (8.2)  4  (8.0)  5  (20.8)  0.23
ACEI/ARA  II  14  (10.4)  5  (8.2)  6  (12.0)  3  (12.5)  0.75
Aldosterone  antagonist  11  (8.1)  4  (6.6)  2  (4.0)  5  (20.8)  0.05
Antithrombotics  70  (51.8)  41  (67.2)  15  (30.0)  14  (58.3)  <  0.001
Anticoagulants  36  (26.7)  22  (36.1)  7  (14.0)  7  (29.2)  0.031
Antiplatelets  36  (26.7)  21  (34.4)  8  (16.0)  7  (29.2)  0.09
PAH-speciﬁc  drugs  5  (3.7)  3  (4.9)  0  (0.0)  2  (8.3)  0.12
Oxygen  4  (2.9)  1  (1.6)  0  (0.0)  3  (12.5)  0.018
Antidepressants  10  (7.4)  3  (4.9)  6  (12.0)  1  (4.2)  0.38
None  of  these  treatments  42  (44.2)  14  (35.9)  21  (53.8)  7  (41.2)  0.27
Data are expressed as number (%). ACEI: angiotensin-converting enzyme inhibitors; ARA II: angiotensin II receptor antagonists; CHD:
congenital heart disease; PAH: pulmonary arterial hypertension.
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cstatus  was  moderately  related  to  the  complexity  of  the  dis-
ease  (r  =  0.25;  P  =  0.003).  NYHA  functional  status  was  higher
in  patients  with  at  least  one  complication  related  to  the  CHD
(P  <  0.001).
A cardiopulmonary  test  was  performed  in  30  patients.
Median  peak  oxygen  uptake  was  20  mL/min/m2 in  sim-
ple  patients,  17.6  mL/min/m2 in  moderate  patients  and
12.4  ±  4.8  mL/min/m2 in  complex  patients.  Peak  oxygen
uptake  was  signiﬁcantly  lower  in  complex  patients  (P  =  0.04).
Peak  oxygen  uptake  was  not  available  for  the  whole  popula-
tion  and  was  performed  mainly  for  patients  complaining  of
dyspnoea  or  effort  limitation.
Physical activity
Physical  activity  intensity  among  patients  is  reported  in
Table  3.  No  physical  activity  was  declared  by  58.8%  of
patients  with  complex  CHD  (95%  CI:  32.9—81.5%)  ver-
sus  23.1%  of  patients  with  simple  CHD  and  30.8%  of
patients  with  moderate  CHD  (P  =  0.03).  Among  patients  who
declared  no  physical  activity,  sport  had  been  contraindi-
cated  by  practitioners  in  27.6%  (50.0%  among  complex
patients).
Social variablesSocial  variables  are  reported  in  Table  3.  Assessing  medi-
cal  care  environment,  we  observed  that  10.7%  (95%  CI:
4.0—21.9%)  of  patients  with  moderate  CHD  and  28.6%
s
1
c95%  CI:  17.3—42.2%)  of  patients  with  complex  CHD  had  no
egular  follow-up  by  a  general  practitioner  or  a  cardiologist,
nd  45.9%  (95%  CI:  34.5—57.3%)  had  a regular  follow-up  by  a
HD  specialist.  Among  patients  in  whom  the  CHD  diagnosis
as  made  during  childhood,  43.7%  (95%  CI:  31.4—56.7)  were
ot  cared  for  by  a  CHD  specialist.
Among  patients  in  whom  the  CHD  diagnosis  was  made  dur-
ng  childhood,  only  38.6%  (95%  CI:  26.0—52.4%)  had  passed
he  Baccalaureate.  The  pass  rate  tended  to  decrease  accord-
ng  to  the  complexity  of  the  CHD  (45.7%,  33.3%  and  31.2%  in
imple,  moderate  and  complex  CHD,  respectively;  P  =  0.47).
he  pass  rate  was  lower  in  patients  who  had  two  or  more
ardiac  surgeries  during  infancy  (P  =  0.03)  and  in  patients
ith  heart  failure  (P  < 0.05).
The  pass  rate  was  higher  in  patients  without  any  CHD
omplication  (54.2%  vs.  27.3%;  P  =  0.037).  Among  these
atients,  70.2%  had  obtained  a  driving  license  (81.8%,  71.0%
nd  60.0%  with  simple,  moderate  and  complex  CHD,  respec-
ively;  P  =  0.50).  Patients  without  a  driving  license  had  a
ower  pass  rate  (P  =  0.04).
The  employment  rate  of  patients  with  complex  CHD  was
igniﬁcantly  lower  than  that  of  patients  with  simple  or
oderate  CHD  (P  =  0.048).  Physical  disability  in  careers  was
eported  in  31.3%  of  patients  without  genetic  syndrome  with
omplex  CHD,  in  18.2%  with  moderate  CHD  and  in  11.4%  with
imple  CHD  (P  =  0.24).
Stroke  history  and  depression  were  reported  in  46.7%  and
2.5%  of  patients,  respectively,  with  physical  disability  in
areers.
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Table  3  Assessment  of  social  variables  and  physical  activity  according  to  severity  of  heart  disease.
All  (n  =  126)a Simple  CHD  Moderate  CHD  Complex  CHD  P
Level  of  education
Passed  the
Baccalaureate
37.9  45.7  33.3  31.2  0.47
Years  of  schooling
beyond  the
Baccalaureate
0  (0—1)  0  (0—1)  0.5  (0—2)  0  (0—0)  0.52
Passed  the
Baccalaureate
when  diagnosed
during  childhood
38.6  45.4  38.7  33.3  0.82
Driving  license  74.7  85.7  69.4  62.5  0.12
Professional  activity
Active  employment  66.2b 80.8  65.5  43.7  0.048
Permanent
contract
76.6b 76.2  78.9  71.4  1.00
Annual  salary  income  0.58
<  11,500  euros  48.0  36.4  54.9  61.5
11,500—30,000
euros
44.1  51.5  38.7  38.5
>  30,000  euros  7.8  12.1  6.4  0.0
Disabled  worker
status
17.9  11.4  18.2  31.2  0.24
Refusal  of  bank  loan  24.5  20.0  35.3  14.2  0.53
Risky  behaviours
Piercing  32.3  33.3  31.6  31.2  1.00
Tattoo  14.0  10.5  21.0  5.9  0.33
Smoking  46.3  56.4  43.6  29.4  0.25
Cannabis  5.4  7.7  5.3  0.0  0.84
Illicit  drug  use
(other  than
cannabis)
0.0  0.0  0.0  0.0
Alcohol
consumption
52.1  74.1  42.1  47.1  0.45
Alcoholism  6.4  7.7  7.9  0.0  0.74
Family  status
Co-habiting  29.5  31.1  31.7  21.0  0.69
Married  24.8  26.7  24.4  21.0  0.96
Children  48.9  60.0  47.2  29.4  0.11
Number  of  children  2  (1—3)  2  (1—2)  2  (1—2)  1  (1—3)  0.78
Individual  housing  77.0  82.3  77.8  64.7  0.36
Parental
accommodation
18.2  14.3  19.4  23.5  0.68
Homeowner  37.2  50.0  28.6  29.4  0.14
Physical  activity  0.03
None  32.6  23.1  30.8  58.8
Mild  (<  20  minutes
once  a  week)
39.0  46.1  38.5  23.5
Moderate
(≥  20  minutes  once
or  twice  a  week)
18.9  23.1  23.1  0.0
Intense
(≥  20  minutes,
≥  three  times  a
week)
9.5  7.7  7.7  17.7
Data are expressed as percentage or median (interquartile range). CHD: congenital heart disease.
a Adults with congenital heart disease with a genetic syndrome and mental disability were excluded.
b Students and retired people were excluded.
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Monthly  income  was  lower  in  patients  who  had  not  passed
the  Baccalaureate  (P  =  0.02);  it  also  tended  to  be  lower  in
patients  with  moderate  to  complex  CHD  (P  =  0.06).
Discussion
In  this  observational  prospective  study  including  135  adults
with  CHD,  we  observed  a  signiﬁcant  relationship  between
the  complexity  of  the  CHD,  the  complications  burden,
impaired  functional  status  and  socioprofessional  difﬁculties.
Our  study  shows  that  despite  an  increased  survival  rate,
the  complexity  of  CHD  strongly  affects  the  socioprofessional
background  of  the  patient.
In  our  study,  56.3%  of  patients  had  at  least  one  compli-
cation;  this  was  particularly  true  for  patients  with  complex
CHD  (88.0%).  As  evidenced  by  the  late  onset  of  arrhythmia,
heart  failure  and  pulmonary  hypertension,  these  patients
are  not  cured  [16].  An  important  proportion  of  the  patients
in  our  series  were  not  followed  appropriately  in  our  tertiary
centre,  as  recommended  by  European  guidelines  [4].  Indeed
54.1%  (95%  CI:  42.7—65.5%)  of  patients  with  moderate  or
complex  CHD  were  followed  by  a  general  cardiologist  or  a
general  practitioner  alone.  This  result  highlights  patients’
poor  level  of  knowledge  about  heart  disease  management.
However,  as  patients  tend  to  be  referred  to  our  tertiary  cen-
tre  for  the  management  of  newly  discovered  CHD,  residual
lesions  or  complications,  our  data  may  be  affected  by  this
recruitment  bias.
Disease  severity  was  not  correlated  to  psychological
follow-up  or  antidepressant  drug  use  in  our  study,  or  to
anxiety  and  depression  in  the  study  by  Bang  et  al.  [17].
Depressive  symptomatology  in  adults  with  CHD  is  associated
with  poorer  prognosis,  and  should  be  a  priority  in  the  overall
care  of  this  population,  in  a  tertiary  centre  [18].
Adults  with  complex  CHD  have  decreased  functional
capacity.  The  average  peak  oxygen  uptake  observed  in  this
report  was  very  low,  and  was  similar  to  the  Eisenmenger
patients  in  the  study  by  Kempny  et  al.  [19].  This  examina-
tion  was  not  performed  systematically—it  was  mostly  used
for  patients  with  complications.  Nevertheless,  it  has  been
recognized  or  accepted  as  a  strong  predictor  of  outcome
[20].  Decreased  functional  status  is  related  to  complication
prevalence,  but  also  to  cardiovascular  deconditioning,  and
is  partly  explained  by  an  ancient  belief  that  these  patients
must  be  prohibited  from  participating  in  sport  [21]. The
paradigm  has  changed,  and  it  has  now  been  demonstrated
that  physical  activity  is  safe  and  leads  to  an  improvement
in  quality  of  life,  even  in  complex  CHD  [22,23].  Individual-
ized  exercise  prescription  is  recommended  and  a  specialist
in  cardiac  rehabilitation  should  be  part  of  the  adult  CHD
network  [24].
Our  population  had  a  low  level  of  education,  with  only
37.9%  having  passed  the  Baccalaureate  (and  only  27.3%
among  patients  with  complications).  The  pass  rate  was  also
lower  in  patients  who  had  two  or  more  surgeries.  Despite  the
lack  of  a  comparative  healthy  population,  this  rate  seems
much  lower  than  in  the  general  population.  Indeed,  since
the  late  1990s,  the  percentage  of  young  subjects  passing
the  Baccalaureate  has  been  >  60%  [25].
Lower  educational  attainment  in  young  adults  with  CHD
compared  with  a  reference  group  has  been  reported.
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bsence  from  school  because  of  illness,  treatment  or
ecovery,  learning  disabilities  and  altered  neurocognitive
erformance  could  explain  these  poorer  outcomes,  espe-
ially  in  cyanotic  patients  with  CHD  [26,27].  Recently,  it
as  been  shown  that  even  after  treatment  for  atrial  septal
efect,  children  display  neuropsychological  difﬁculties  [28].
arly  diagnosis  and  care,  made  easier  by  prenatal  diagnosis,
s  associated  with  better  neurocognitive  outcomes  [29].
Together  with  lower  functional  status,  lower  education
evel  may  also  explain  why  fewer  than  half  of  the  patients
ith  complex  CHD  were  in  active  employment.  In  a  large
ulticentre  study,  a  poorer  sociodemographic  outcome
educational  attainment,  employment  and  relationships)
as  observed  in  young  adults  with  CHD  (particularly  those
ith  severe  CHD)  compared  with  a  reference  group  [30].
etter  employment  status  was  also  observed  in  patients  with
ild  versus  severe  defects  (76%  vs.  57%)  in  a  study  by  Kam-
huis  et  al.  [31]. This  observation  is  also  partly  explained
y  the  greater  social  dependency  of  young  adults  with  CHD
32], by  discrimination  against  job  applicants  with  CHD  and
y  lower  motivation  in  patients  with  CHD  [30]. Even  without
 control  population,  it  is  obvious  that  the  employment  rate
n  our  study  is  much  lower  than  in  the  general  population,
s  the  unemployment  rate  in  the  area  in  the  same  year  was
bout  10.4%  [33].  Together,  these  results  conﬁrm  that  socio-
rofessional  outcome  is  strongly  related  to  the  complexity
nd  severity  of  the  CHD.
Cardiac  paediatricians  focused  previously  on  child  sur-
ival.  Nowadays,  with  increased  survival,  their  future
dulthood  and  neurodevelopmental  prognosis  have  become
are  targets  [26]. To  cope  with  these  difﬁculties  in
dulthood,  transition  structures  have  been  developed  [8].
oreover,  adults  with  CHD  have  gaps  in  cardiology  care,  with
he  ﬁrst  lapse  commonly  occurring  at  the  age  of  19  years,
t  the  time  of  transition  to  adulthood  [7].  The  ultimate  goal
f  a transition  programme  is  to  optimize  quality  of  life  and
ife  expectancy;  it  should  provide  uninterrupted  health  care
nd  include  age-appropriate  education  about  many  domains
e.g.  physical,  social,  family  relationships,  emotional,  edu-
ation,  vocation,  medical,  personality  and  identity).  Parents
re  expected  to  take  an  active  role  in  the  transition  process
8,34].
The  referral  of  adults  with  CHD  to  specialized  care  has
een  recommended  to  address  these  issues.  It  has  been
ecently  demonstrated  that  these  care  structures  are  asso-
iated  with  a  signiﬁcant  reduction  in  mortality,  speciﬁcally
n  adults  with  severe  CHD  [35].
tudy limitations
ur  study  has  several  limitations.  Quality  of  life  should  be
ssessed  in  a  patient  study.  Vigl  et  al.  [36]  showed  that
uality  of  life  is  strongly  linked  with  level  of  education
nd  employment,  and  less  so  to  the  severity  of  heart  dis-
ase.  Indeed,  the  impact  of  unemployment  on  quality  of
ife  may  result  not  only  from  ﬁnancial  consequences,  but
lso  from  reduced  self-esteem  or  a  reduction  in  social  con-
acts  and  social  networks.  We  also  did  not  assess  parental
ocial  status,  which  may  play  a  role  in  education  level  or  at
east  in  quality  of  life  [37].  Extracardiac  features,  such  as
ung  or  renal  dysfunction,  are  known  as  predictors  of  mor-
ality  [38,39], and  may  partly  inﬂuence  educational  level
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nd  employment.  However,  in  our  study,  only  three  patients
ad  moderate  to  severe  renal  dysfunction,  with  none  requir-
ng  renal  support.  The  single-centre  design  may  prevent  our
esults  from  being  extended  to  other  regions.  The  number
f  patients  was  very  limited.  The  cohort  was  not  exhaus-
ive  within  the  area  (the  Midi-Pyrénées  regional  population
s  around  3  million  residents,  while  the  prevalence  of  CHD  in
dults  is  estimated  at  around  3000/million  residents  [40]);
his  might  be  explained  by  patients  who  are  not  followed  by
xpert  centres  and  by  gaps  in  care.  Indeed,  our  area  is  one
f  the  largest  in  France,  and  distance  from  home  to  hospital
s  a  predictor  of  gaps  in  care  [7].  Nevertheless,  this  sam-
le  of  adults  with  CHD  was  sufﬁcient  to  provide  information
bout  sociodemographic  outcome  and  the  impact  of  compli-
ation  prevalence  according  to  CHD  complexity.  These  data
re  useful  for  the  implementation  of  our  education  and  tran-
ition  programme;  they  will  serve  as  a  baseline  for  assessing
he  impact  of  our  programme  in  the  future.
onclusion
n  this  prospective  observational  study,  we  observed  the  neg-
tive  impact  of  complex  CHD  on  functional  status,  social
evelopment  and  professional  activity.  Particular  atten-
ion  should  be  paid  to  the  educational  support  of  children
ith  complex  CHD.  Larger  multicentre  prospective  stud-
es  are  needed  to  support  the  hypothesis  that  transition
rogrammes  guarantee  the  patient’s  full  potential  under
ppropriate  medical  supervision  and  a  fulﬁlled  life.
Sources  of  funding:  The  study  received  a  CHU  Toulouse
activités  nouvelles’  grant  (AN  14-5).
ppendix A. Supplementary data
upplementary  data  associated  with  this  article  can  be
ound,  in  the  online  version,  at  http://dx.doi.org/10.1016/
.acvd.2015.06.004.
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